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1.1 ????  
1.1.1 ???????  
 
  ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????? 
? ???????????1920 ?????? Karel Capek ?????????
? “R?U?R”[1-1]?????????????????????? Robota??
????????????1940 ?????Isaac Asimov ??????????
???????????????????????????????????
????????????[1-2]? 
? ???????????????????????????????????
??????????????? 1960??????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
???????????????????????????????????
????????????????????1962 ?????????????
??????????? H?Ernst????????????????????
????????????????????????????[1-3]?1963 ??
?? L?Roberts????????????????????????????
??????????????????????????? 
  1970-1980??????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????? AMF?????
??????????????????????????????(Fig?1-1)?
???1970 ??????????????????????????????
???????????????????????????????????
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????????????????????????(FA ?)????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??  
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????? 
? 1990 ????????????????????????????????
???????????????????????”ASIMO”(Fig.1-2)??HRP-2?
(Fig.1-3)????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????[1-4]? 
  ????????????????????????? 10????????
???????????(fig.1-4)[1-5]????????????????????
???????????????????????????????????.
????????????????????????????????????
???????????????????????????????????
??????????????????????????.?????????
NASA ????????[1-6]??? 1996 ??????? Mars Pathfinder 
“Sojouner” (Fig.1-5)[1-7]? 2003 ????????? Mars Exploration Rover 
“Opportunity”(Fig.1-6)[1-8]?????.???????????????????
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??????”r2D4”(Fig.1-7)[1-9]????????????????[1-10]. 
? ??????????????????????????????????
??????????????????????????????????
?????????????????????????????????
?????????????????????????????????
?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????? 
 
 1.1.2  ????????  
 
? ??????????????????????????.????????
??????????????????????????????.?????
??????(the Penguin Dictionary of Psychology)?????????????
???????????????????????????????????
???????”???????????????????????????
[1-11].1921???????????????the Journal of Educational Psychology?
?????14 ?????????????????[1-12]?14 ???????
??????????????????????????????????(L. M.   
Terman) ??????????????????? (S. S. Colvin) ??????
?????????? (R. Pintner) ????????????????????
????????????????? (J. Peterson) ???????????? 
(H. Woodrow) ?????????????????????????????
??????????????Terman??????????????????
???????Peterson?????????????????????????
???????????????????????????????????
???.? ???????????????????????????????
???????????????????????????????????
????????????? 
? ??????????????????????????????????
???????????????????????????????????
 14 
?????????????????????????????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????? 
? ?????????????????????????Phil Johnson-Laird??
???????(The Computer and the Mind) [1-18]???????????????
Johnson-Laird ?????????????????????????????
??????? 
 
?????????? 
??????????????????????  
????????????????????? 
?????????????????????  
? ????????????????????  
 
? Johnson-Laird ????????????????????????????
???????????????????????????????????
??????????????????????????????????.?
????????????????????????? Fig.1-8???????
????????.?????????????????????????.??
????????????????????????????????.???
?????????????????????????????????[19]. 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????[1-13,14].? ??????????????????
???????????????????????????????????
???????????????????????????????????
?????????????Lambrinos???????(Cata-Glyphis)?????
???????????????????????????????????
 15 
??[1-15].???Ferrell ???Cruse ???????????????????
??????????????????????[1-16,17]. 
? ??????????????????????????????????
??????????????????????????????????
??????????.?????????????????????????
????????????????.? ?????????????????
???????????????????????????????????
???????????. 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
??????????????????? 
? ??????????????????????????????????
????????????????????????????? 
 16 
 
1.2  ??????  
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????.? ?????????
???????????????????????????????????
???????????????????????????????????
???????????? 
 
1.3 ??????  
? ????????Fig.1-9 ???????????????????????
?????????????????????.??????????????
???????????????????????????????????
??????????????????????????????????
(SOM: Self-Organizing Map)????????(NG: Neural Gas)????????
???????(mnSOM: modular network SOM)??????.????????
???????????????????????????????????
?????????????, ?????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????. 
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Fig.1-1 Factory Automation Robot (Motoman-SSA2000 YASKAWA)[20] 
 
 
  
Fig.1-2 2-bipes robot (ASIMO HONDA Co., Ltd.) [21] 
 
 18 
 
Fig.1-3 Humanoid Robot (HRP2 IST)[22] 
 19 
 
Fig.1-4 Neo Mechatoronics Society Map [5] 
 
Fig.1-5 Mars Pathfinder “Sojourner”[7] 
 20 
 
Fig.1-6 Mars Exploration Rover “Opportunity” [8] 
 
 
Fig.1-7 Autonomous Underwater Vehicle “ r2D4 “ [9] 
 
 21 
 
Fig.1-8 Model of intelligent model  
 
 Fig. 1-9 Structure of this doctor disaration 
 22 
 
 
 
 
 
 
 
 
? 2? 
?????? 
???? 
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2.1 ??  
 
  ????,??????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????.???????????????????
???????????????????????????????????
???????????????????????????? 100 ?????
???????????????????????????????????
????????????????????????????[2-19]?????
???????????????????????????????????
???????????????????????????????????
?????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????[1-5]?????????????????????????[2-6]
????????. 
? ???????????????????????????????????
???????????????????????????????????
?. 
 24 
 
2.2  ??????????????  
 
2.2.1 ??????????????(MLP) 
? ???????????????????????????????????
???????????????????????????????????
??????????.?????????????????????????
???????????????????????????????????
???????????????????[2-7]? 
? Fig. 2-1????? 3???????????????????.???????
?????????????????????????????????????
???????????????????????????????????
?????????????RBF?radial basis function???????????
???????????????????????????????????
???????????????????????????????????
??????????????.?????????????????????
????????????????. 
? ??????????????????????????????????
???????????????????????????????????
?????????????(2.1)?????????????.???????
??????????????????????????(Fig.2-2, 2.3?,  
????????????????(Fig.2-3)(2.4 ?))????????????
??????????????????????????? i????
! 
xi???
???????????????????????????????????
???????2.1?????
! 
bi??????????. 
 
! 
xi = wij yi + bi
i=1
n
"      (2.1) 
! 
yi = f xi( )       (2.2) 
 
! 
y = 11+ e"x
      (2.3) 
! 
y = tanh(x)      (2.4) 
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2.2.2 ???????????  
 
???????????????????????????????????
????????????????????????????????????
??????(2.5)??????????????? E ???????????
?????????????(2.5?). 
 
! 
E = Ek
k
" = 12 yi
(k) # di(k)( )
2
i
"
k
"      (2.5) 
 ? ?????????????????????????????? ??
????????????????? i???????? ????????
?.?????????E ????????????? E ??????????
???????????? 
? ?????????????????????? 2 ???????????
????????????????????
! 
Ek?????????????.?
???????????????????????? E ??????????
????????.???????????????????????????
?????????? 
 
??????????? 
???? ?????? ?????????. 
! 
"wij = #$
%Ek
%wij
      (2.6) 
:????????? ? ? ? ????????????????? 
?2.6??????????????? ?????????????????
??????. 
 
?2.6?????????????????? 
! 
"Ek
"wij
=
"Ex(k)
"xi(k)
"xi(k)
"wij
      (2.7) 
??????? k???????? i?????????????  
     (2.1)???? 
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?????2.7????????(2.1)??? 
! 
"xi(k )
"wij
= y j(k)       (2.8) 
? ?????????? j???????. 
(2.6)?????????????????? 
! 
" i
(k) = #
Ek
$xi(k)
      (2.9) 
????? i????? 
? ? ? ???????????? i?????????? 
 
(2.9)??????? 
! 
" i
(k) =
#Ek
#yi(k)
#yi(k)
#xi(k)
      (2.10) 
???? ???????? 
???(2.9)????????? 
! 
"yi(k )
"xi(k )
= # f (xi(k ))              (2.11) 
 
(2.11)???????????? ? 
? ? ? ? (a) ????????????? 
 (b) ????????????? 
??????????????. 
 
 
(a) ????????? 
 
! 
"
#Ek
#yi(k )
= "
1
2
# j y j(k) " d j(k)( )$
#yi(k )
= di(k) " yi(k )    (2.12) 
(2.10)(2.11)(2.12)??? 
 
! 
" i
(k) = di(k) # yi(k)( ) $ f (xi(k) )      (2.13) 
???. 
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(b) ???????????? 
???????????? j ???? ???????? ???????
????? 
 
! 
"
#Ek
#yi(k )
=
#Ek
#x j(k )
#x j(k )
#yi(k )j
$     (2.14) 
????2.14?????? 1??(2.9)??? ?????????(2.1)??? 
    (2.15) 
 
????(2.10)(2.11)(2.15)??? 
 
! 
" i
(k) = # f (xi(k)) " j(k)w ji
j
$     (2.16) 
????????????? ????? ??????????????
??????
! 
" j
(k)w ji
j
# ???????
! 
f ' (xi(k ))????????????????
????? ????????. 
?????????????????????? 
 
! 
"wij = #$ i(k )yi(k)     (2.17) 
 
??????????????????????????????. 
?????????????????????????.???????? 2.17
??????(2.18)????? 
 
! 
"wij = #$ i(k )yi(k) +%"wij&1    (2.18) 
 
????????????0<?<1????????????????.????
???????????????????????????????????
?????[2-7]. 
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2.2.3 ??????????  
 
???????????????????????????.???????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????. 
??????????????????????????????????
???????????????????????????????????
?????????????????????????????[2-8]????
???????? CSDF?????????????[2-10]. 
??????????????????????????????????
????? 
 
 
2.2.4 ?????????????????  
?  
  ??????????????????????????????.????
?????????????????????????????. 
? ?????????????????????????.???????
A,B,C? 3???????????????????????????????
???.????????[-1,+1]?????????????????? tanh(x)
???????????.50000??????????? Fig.2-4???. 3???
????? 1?????? A????2?????? B????3?????? C(?)
???????????????????.????????????????
???????? Fig.2-5 ???.???????? B ???? C ??????
???????????????????????????????????
????????????. 
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2.3  ????????  (SOM) 
 
2.3.1 ??????????????  
? ????????(Self-Organizing Map:SOM)??T.Kohonen????????
???????????????[2-11,12,13].SOM ????????????
???????????????????????????????. 
? ??????????????????????????SOM??????
???????????????????????????????.????
???????????????????????????????????
???????.????SOM??????????????????????
???????????????.????????????????????
???????????????????????????????????
????[2-14] 
? ???? SOM????????????????????????????
?????????????????.??????????????????
????????????????????(Fig.2-6).????????????
?(??????????)???????????????????????
???????????????????????????????????
??????????.?????????????????????????
?????????????????????????? [2-15]. 
 
 30 
 
2.3.2 ???????????????  
? SOM?????????????????????????????Reference 
vector????????(Unit)??????????????????????
?????????? .??????????? Online-learning SOM ?
Batch-learning SOM ? 2 ????????????.????????????
??????? Table 2-1???. 
? ??????????????????????????????????
?????????????.? ?????Batch? SOM??????????
??.?????????????????????????????????
?????????????????????????. 
 
 
 
 
?  
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2.3.2.1 ??????  
? ????????????????? ????????????? ??
?? ?????(Fig.2-7). 
! 
Eik = wk " xi
2
       (2.19) 
 
2.3.2.2 ??????  
? ?????????????? ??????????????????
? i?????????????(BMU: Best Matching Unit) ???(2.20?)
?Fig. 2-7? 
 
! 
k* = arg k min Eik        (2.20) 
?  
2.3.2.3 ??????  
? ???? ???????????????????????????i??
?????????????????? 2.21,2.22 ?????????????
? BMU????? 1.0??????? 0??????????.? ??????
???????????????????????????????????
??????????????????????? (2.23?). 
! 
"i
k = exp # d (k,ki
*)2
2$ 2
% 
& 
' 
( 
) 
*       (2.21) 
       (2.22) 
! 
" ="min + "max #"min( ) exp #
t
$
% 
& 
' 
( 
) 
*      (2.23) 
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? ???
! 
"min??????????
! 
"max????????????. t?????
??????.?????????BMU??????????????????
????.?????????????????????????? [0, 1]??
????(2.22 ?).???????????????????????????
??????. 
 
3.2.4 ??????  
? ?????????????????? ???????????????
?? ??????2.24???Fig.2-8?. 
 
! 
wk (t +1) = "ik xi
i
#        (2.24) 
 
 ??? 4???????????????????????????????
????????[2-16]. 
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2.3.3 SOM????  
? ?????Batch? SOM??????????????.?????????
????????????????? 17??????????????21??
?.???????????????????.????????? 0.0?1.0??
?????????????????????? Table 2-2???? 
  SOM ??????????????????????? Table 2-3 ????
Table 2-2????????????????????? Table 2-3??????
??? Fig.2-9??????????????. SOM????????????
???????????????????????????????????
???????????????.????? 1 ??10 ??50 ??100 ??200
??500????????????. Fig.2-9???200???????????
?????????????????????????. 
 Fig. 2-10? Batch? SOM???????????????????????
?. Batch? SOM???????? 2???????????????????
?????????.????????Fig.2-10???????????????
???????????????????????????????????
???????????????????????????????????
????????????????. 
? ??????????????????????????????????
??????????????????????????.?????? BP ?
????????????????.???????????????????
???????????????????????. 
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2.4  ???????  (NG) 
 
2.4.1 ?????????????  
 
? ???????(NG)??T.Martinetz ??????????????????
?????[2-17,18].? NG ???????????????????????
??????????? SOM?????????????????????? 
? NG?????SOM?????????????SOM??????????
???????????????????????????????????
?????????NG?????????????????????????
?????????????????????????.??????????
????????????????????. 
? ??????????????????????????????????
???????????????. 
?  
2.4.2 ??????????????  
 
? NG??SOM???????????Reference vector????????(Unit)
???????.??????????????????? Table 2-4???. 
 NG?????????? SOM?????????????????????
????????????????????????.???????????
????.???????????????????????????????
?????????????????????????????????. 
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2.4.2.1 ??????  
? ????????????????? ????????????? ??
?? ?????. 
! 
Eik = wk " xi
2
       (2.25) 
 
2.4.2.2 ??????  
? ?????????????? ??????????????????
??? i??????? BMU? ???(2.26?) 
? ??????????????????????? 2.27 ??????2.28 ?
????, ?????????????????????. ????, Index? E
??????????????????????????????? S ???
???????????.  
 
  
 
! 
k* = argkminEik        (2.26) 
! 
Ek = E1k ,E2k ,.....,E jk( )             (2.27) 
 
! 
i = index(SEk ( j))       (2.28) 
 
2.4.2.3 ??????  
? ???? ?????????????????? i ??????????
?????????2.29,2.30??.SOM????????? BMU????? 1.0, 
?????? 0?????????? (2.31?). 
 
! 
"i
S E k ( j ) = exp j2# 2
$ 
% 
& 
' 
( 
) U        (2.29) 
       (2.30) 
 
 
! 
" ="min + "max #"min( ) exp #
t
$
% 
& 
' 
( 
) 
*      (2.31) 
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? ???
! 
"min??????????
! 
"max????????????. t?, ???
???????.??????????????????? BMU ??????
????????????.???????????????????????
?????????????.??????????????????????
???????????. 
 
2.4.2.4 ??????  
? ?????????????????? ???????????????
?? ??????2.32??. 
 
! 
wk (t +1) = "ik xi
i
#       (2.32) 
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2.4.3 NG??????  
 
? ? NG??????????????????????? SOM??????
?????????.??????????????????????????
??????????????????????.???? SOM? NG????
??????? NG????????? 
? ?????????????????????????????? Fig.2-11
???????????????????????????????????
?????.?????????? SOM?? NG??????????????
??????????????????Fig. 2-12, Fig.2-13? SOM??? NG?
?????.? ?????????????????????????????
??????????.?????????? SOM ????????????
???????????????????????????.??? NG ????
?????????????????????????SOM????????
??????????????????????????????(Fig.2-14)?
SOM??NG?????? Fig.2-15, Fig.2- 16???.?????????????
SOM?????????????????????????????????
????.???????????????????????????????
????????????????????? NG ????????????
?????????????????????????????Fig.2-17???
??????????????????????? .????SOM ???
?Fig.2-18???????????????????????????????
?, NG????Fig.2-19???????? 2????????????????
???.????????????????????????????????
????????????????????????SOM?????????
?????????????????????????????NG?????
?????????. 
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2.5  ??????????????  (mnSOM) 
 
2.5.1 ????????????????????  
? ??????????????(modular network SOM: mnSOM)??????
??T.Kohonen????????? SOM?????????????????
???????????????????????????(function module)??
?????????[2-19].SOM ?????????????????????
?????????.?????????? SOM?mnSOM?????????
???????? SOM?????????????????????????
? SOM?????????????. 
? mnSOM???????????????????????????????
???????????.???mnSOM ?????????????????
???????????????????. 
? ????????????????????(Multi layer perceptron: MLP)??
?MLP-mnSOM??????MLP? 2??????????????????
???????????????????MLP-mnSOM ??????????
???????????????????????????????????
???????????????????????????????????
??. 
?  
2.5.2 ?????????????????  
? mnSOM???? Fig. 2-20???.??????????? SOM??????
???????????????????????????????????
???????????????????????????????????
?????????????????Fig. 2-20??MLP??????????
??????????.? ????????????????????????
?????????mnSOM ???????SOM ?????????????
??. 
? mnSOM??????????????????? mnSOM????????
????????????????
! 
f1(x1)," " " " "", fI (xI )?????????????
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????????.?????????????  
! 
D1,………,DI?????????
?????.???? 
! 
Di = xi,1, yi,1( ),......., xi, j , yi, j( ){ }??i ????????????
???????????????.???????????????
! 
yi, j = f i (xi, j )?
????mnSOM ?????(1)?????????????(2)???????
???????????????.????mnSOM ????????????
????????????????????????????(Fig.2-21)???
???mnSOM?????????????????? SOM????????
????. 
 
2.5.3 mnSOM?????????  
??????????????MLP ????????? MLP- 
mnSOM(MLP-mnSOM)????????MLP-mnSOM ? K ???????
! 
g1(xi, j ),...........,gK (xi, j )????????? K-MLP ??????????????
??.?????????????????????????????????
????????
! 
w1,..............,wK?????????.????????????
?????????????????????????????mnSOM???
???????????????????. 
? mnSOM ??????????????????????????.????
???????????????????????????????????
???????. 
 
 
2.5.3.1 ??????  
? ????????????MLP????????????????????
????????????.?????????????? ????????
??????????
! 
˜ y i, jk = gk (xi, j )??????????.????? ???
?? k=1,…..K ??????????????????.??????????
???????????????????????????????????
?????????????.???? ?????i ???????????
?? k??????????????????. 
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! 
Eik =
1
J y
~
i, j
k
" yi, j
j=1
J
#
2
=
1
J g
k (xi, j ) " f i (xi, j )
j=1
J
#
2     
  
?  
???J???????????????????????? k???????
?? i ???????????????????????? ???????
??. 
 
! 
L2 gk , f i( ) = gk (x) " f i (x)
2 pi (x)dx = Eik#     (2.35) 
????
! 
pi (x)? i????????????????? ?????????
?.??????i = 1, ……, I???{
! 
pi (x)}????? ??????????
????????????????????????????. 
 
2.5.3.2 ??????  
? ?????? D???????? ??????????????????
???????(BMM)???????.????i??????????????
??i????????????????????????????? ???.
???? ?? 
 
! 
ki* = argk minEik      (2.36) 
?????. 
 
2.5.3.3 ??????  
? ??????????? ????? ???????????. 
! 
"i
k (t) =
h( # k $# ki* ; t)
h( # k $# ki*
i'=1
I
% ; t)
     (2.37) 
! 
h(l; t) = exp " l
2
2# 2 (t)
$ 
% 
& 
' 
( 
)      (2.38) 
???? ???????? k ?????????????????????
????????????????????????????. 
(2.33) 
(2.34) 
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2.5.3.4 ??????  
?????????MLP ???????????????????????
??????????????????????? 
 
  
! 
"wk = #$ %ik (t)
&Eik
&wk
= #$
&Ek
&wki=1
I
'     (2.39) 
 
(2.39)????????????????????????????.????
???????????????????????????????????
????.???? ??
! 
Ek = "ikEiki# ????????? k?????????
?????????.??????????? ? ???????????
??????????.???? ? 
      (2.40) 
 
?????????.????? ???? ????? ??????
?????????????????????.MLP????????????
??? ???????????????????? ?????????
???????? 2????.???? 4??????????????????
???????????????????????????????. 
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2.5.4 ?????????????  
MLP-mnSOM ????????????????????????????
???????????????????????????????????
??????.?????????????????????????????
???????????????????????????????.????
?????????????????????????????. 
? (2.39)????????????????????????????????
! 
Ek = "ikEiki# ????????????.???? ????????????
???? ?????????????????????????.????
??? ???????? ?????????????.????????
?? ???????????????????????
! 
M k????????
???????????????.????
! 
M k???????? ? ???
??????????????????.?????????????????
?????. 
  
! 
gk (t +1) = gk' (t) if  
! 
˜ E k,k' < "Ek    (2.41) 
   ??
! 
"i
kEik'
i=1
I
# ? ? ? ? ? (2.42) 
 ??? ??
! 
M k????? ??????????????????
?????? 0.8?0.9 ?????????????.????????????
???????????????????????????????????
??????????????????????????????.?????
???????????? MLP ????????????????????.
???????????????????????????????????
???????????. 
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2.5.5 MLP-mnSOM??????  
MLP-mnSOM ???????,???? ???????.??
????????????J=21?????????I = 6??????.????
???????? ? 0.2 ???[-1,+1]????????.???
????????? Table 2-4???.????????????,0?1????
??? 1????2?3??????? 2????4?5??????? 3???
???????????????.??? mnSOM??????? Fig. 2-22??
?. 
 Fig. 2-22 ??????????????,????????????????
???????????????????????????????????
?.Fig.2-23 ??????????????????????????????
???,????a ??????????????a ????????????.
????????? BMM ???????????????????.????
? BMM ???????????????????????????????
?????????????????.?????? mnSOM ??,SOM ???
????????????????????. 
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Fig.2-1 Model of Multi Layer Perceptron 
 Fig.2-3 Graph of hyperbolic 
tangent function 
Fig.2-2 Graph of sigmoid function 
 
Output layer 
Hidden layer 
Input layer 
Input Unit 
Hidden 
Unit 
Output Unit 
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Fig.2-4Result of BP learning 
(Iris) 
vector 
vector 
Class A 
Class B 
Class C 
Fig.2-5 Vector space of Iris 
data 
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Fig. 2-6 Vector space and feature map 
 
Fig.2-7 Error between data vector and reference vectors 
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Fig. 2-8 Adaptation of reference vectors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) t = 1 (b) t = 10 
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Fig. 2-9 change of feature map by batch learning 
 
 
 
(c) t = 50 (d) t = 100 
(e) t = 200 (e) t = 500 
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Fig.2-10 The result of Batch SOM feature map 
????? 
??? ?? 
??? ?? 
????? 
?? 
???? 
???? 
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Fig.2-11 an uniform distribution learning data 
 
 
 
Fig.2-12 The result of the SOM algorithm (an uniform distribution) 
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Fig.2-13 The result of the NG algorithm (an uniform distribution) 
 
 
 
Fig.2-14 the Circle (a doughnut) learning data 
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Fig.2-15 The result of SOM algorithm (a doughnut) 
 
 
 
Fig.2-16 The result of NG algorithm (a doughnut) 
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Fig.2-17 The two uniform distribution learning data 
 
 
 
Fig.2-18 The result of SOM algorithm (two uniform distribution) 
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Fig.2-19 The result of NG algorithm (two uniform distribution) 
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mnSOM 
mn 
Fig.2-20 Structure of mnSOM  
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(a) t = 0 (c) t = 50 
(c) t =100 (d) t = 200 
(e) t = 500 (f) t = 1000 
Fig.2-22 Result of cubic function mnSOM 
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1 ????3 ????
?? 
1 ????2 ????
?? 
??????
? 
?????? 
Fig.2-23 Result of mnSOM feature map 
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Table 2-1 Variable used explanation of SOM algorithm 
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Table 2-2 Animal data vectors 
? ? ???
?
?
?
??
?
?
??
?
??
?
?
??
?
?
?
??
?
??
?
??
?
?
??
?
??
?
?
?
??
?
??
?
??
?
?
?
??
?
??
?
?
?
??
?
??
??? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
??? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
??? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
???? ?? ?? ?? ?? ?? ?? ?? ?? ???? ?? ?? ???? ???? ?? ?? ?? ??
? ??? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
? ??? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
????? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
????? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
????? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
????? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
?? ?? ?? ?? ???? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
??? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
????? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
??? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
??? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
??? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
??? ?? ?? ?? ?? ???? ?? ?? ?? ?? ???? ?? ???? ?? ?? ?? ?? ??
??? ?? ?? ?? ?? ???? ?? ?? ?? ?? ???? ?? ???? ?? ?? ?? ?? ??
???? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
???? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
???? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
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Table 2-3 Parameters of SOM algorithm 
?????? ??????
??????? ?min? ???? ?
??????? ????? ????? ?
???? ?? ????? ?
 
Table 2-4 Variable used explanation of NG algorithm 
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?????? 
???????????? 
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3.1 ??????????  
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
???????????????????????? 
? ????????????????????????Concept of Intelligent 
Mechanical Design for Autonomous Mobile Robots”[1-3]????????????
???????????????????????????????????
??????????????????? 
 
3.2 Intelligent Mechanical Design  
 
? ??????????????????????????????????
???(Fig.3-1)?????Fig.3-1 ?????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????(????????: Mecha-telligent)
???????????????????????(Fig.3-2)? 
 ?????????????????????Fig.3-3???????????
???????????????????????????????????
???. ????????????????????????????????
?????????????????. 
 ??????????????????????????????. ????
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?????????????????????????? 
 
(1) ???????? 
(2) ????? 
(3) ?????? 
(4) ????????? 
 
? ??????????????????????????????????
?????????????? ?????????????????????
?????????????????????????? 
 
3.3 Mechanical Design Principles: “Mecha-telligence 
Principles ” 
 
 ???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??? Fig.3-3?????????????????????????????
???????????????????????????????????
????????????????????????????????? 
 
Principle 1:? The three-constituents principle 
? ????????????????????????????????? 
(1) ??????? 
(2) ?????????????? 
(3) ??????????????? 
 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???? 
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Principle 2:? The complete-mechanical design principle 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????? 
 
Principle 3:? The principle of mechanical balance 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????? 
 
Principle 4:? The environmental principle 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?? 
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Principle 5:? The sensory-actuator principle 
? ??????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????? 
 
Principle 6:? The principle of sharing sensory-actuator system 
? ??????????????????????????????????
????????????????????Principle 5???????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????? 
 
Principle 7:? The Mechatronics modularity principled 
? ??????????????????????????????????
?????????????????????????????????
Principle 2 ??????????????????????????????
???????????????????????????????? 
 
Step 1: Description of the Robot System Architecture 
Step 2:Defining the possible module (single module) 
Step 3:Merging the single module 
 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????? 
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3.4 Mechanical Design Process: “Mecha-Telligence 
Methodology” 
 
 ???????????????????????????????????
???????????????????(Fig.3-4???)??????????
??????????????????????????????Principle 1~7
????????????????????????????????? Principle 
1 ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
? X ?????????????????????????????????
????????????????? Priciple 1~7?????????????
???????????????????????????????????
???????????????????????????????????
?????Principle 1~7?????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
[3-1,2,3,4] 
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3.5? ????????????????????  
? ??????????????????????????????????
??. ?????????????????????????????????
????????????????. 
? ??????????????????????????????????
????????????????????????????????.???
??????????????????????.?????????????
???????????????????????????????????
????????????????????????????.???????
???????????????????????????????????
?????????.??????????????????????????
?????????????.??????????? 2050?????????
???????????????????????????????????
??????????????????.?????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????[3-2,3]?????
??????. 
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3.6 ?????  
3.6.1 ???????  
? ???????????????????????????????????
?????????????????????????????[3-4,5].1997 ?
??????????????????????????????2009 ? 7 ?
??? 13?????????????????????. 
? ??????????????????????????????????
?????????1992 ????????????????????????
??[3-6].???????????????????????????????
???????????????????????????????????
????????????????????????????????.???
??????????????? 1995??????????????????
???????IJCAI??????.?????1997 ????????????
IJCAI??????????????????????[3-6]. 
  
3.6.2 ???????????  
? ?????????????????????????????.????
??????????????????????.????????????
???????????????????????.???????????
???????????????????????????????????
??.????????????????????????.????? 11 ?
11??????????????11??????????????????
?????????????????????.?????????????
??????????????????????????????????
???????.????????????????????????????
?????????????.?????????????????????
???????????????????????????????????
?????????????????.?????????????????
???????????????????????????????????
??????????????. 
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? ?????????????????????????????????
?.????????????????????????????????.?
????????? 
? ???????? 
? ???????? 
? ????????????????? 
? ???????? 
? ??????????????????? 
??????????????[3-6]. 
 
3.6.3 ?????????????  
? ????????????????????????.??????????
??????????????.???????????(Fig.3-5)???????
???????????????????????????????????
?????????????? 11 ? 11 ??????????? 5 ?????
???????.????????????????????????????
?????. 
? ????????????????????????(Fig.3-6)??????
(Fig.3-7)??????????(Fig.3-8)???????????(Fig.3-9)????
?.????????? 18cm??????? 5? 1?????? 5.0??3.4??
???????????????????????????????????
????.????? 10 ?????????.???????????????
???????????????????????????????????
?????????????????????????????.??????
?????????????????. 
???????30cm ?? 50cm ????? 80cm ???????? 5 ?? 18
? ! 12m ??????????????????????.?????2007 ?
????????????????????2007 ?????????????
???????????????.????? 15 ????.??????? 360
???????????????????????????????????
?.????????????????????????????????. 
 
 70 
??????????????? AIBO ? 4 ? 1 ????????????
??.???????????????????????????????.??
??? 10????.???????????????????????????
?????????????????????.??????????????
??????????????????????????. 
????????????2002????????????????????
??????.PK?????????????????????????????
???????.????????????????????????????
???. 
? ??????????????????????????????.?????
???????????????????????????????????
?????????(Fig.3-10)?????.?????????????????
???????????????????????????????????
?????????????????????????????.??????
???????????????????????????????????
?.?????????????????????????????@home??
????.???????2006??????????????.????????
???????????????????????????????????
???????????????????????????????????
(Fig.3-11). 
? ????????????????(Fig.3-12,13,14)???.???????
2050 ?????????????????????????????????
??????.?????????????????????????????
??????????.???????????????????????.?
?????????????????????.??????????????
???????????????????????????????????
????????????[3-6,7,8,9,10,11,12,13,14,15,16,17]. 
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3.7??????????  
? ??????????????????????????????????
???????????????????????????.????????
???????????????????????????????????
???????????????????????????????.????
???????????????????????????????????
???????????.3.2???????????????????????
????????????????. 
? ?????????????????????????50 [cm] x 50 [cm]??
???????????????.????40~80 [cm]???????????
??????(Fig. 3-15??).???????????????????????
???????????????????????????????????
???????????????????. 
? ?????????18 x 12 [m]?????????????????????
?????????(Fig. 3-16 ??).???????????????????
??????????????????????????????.?????
???????????????????????????????????
?????? PC???????? LAN?????????????????
?????.??????????????????????????????
???.????????????????????????????????
???.?????2007??????????????????????????
???????????????????.????????????????
???????????????????????????????????
??????????????????. 
? ???????? 15???????????????????.??????
??????????????????????? PK ?????????PK
???????????????????????????[3-18,19]. 
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3.8 ?????????????????????  
  ??????????????????????????????????
??????????????????????(Fig.3-1,2)?????????
?????????????Fig.3-3, Fig.3-4????????????????
??????????????????????????[3-22]. ??????
???????????????????????????????????
??????????. 
 ???????????????????????????????????
???????????????????(MSL: Middle Size League)?????
????????????????Fig.3-4?????????????(Behavior)?
????????????????????????????????. 
 
(5) ???????? 
? ???????????????? 
 
(6) ????? 
? ??????(18x12 ???????)?????????? 
? ?????????????? LAN????????????????
???????? 
? ???????????????????????????? 
? ?????????????? 
? ????????????????????? 
? ????????????????????? 
 
(7) ?????? 
? ????????????? (18 x 12 [m]) Fig.3-16?? 
? ?? 
? 300 [lx]??????? 
? ????????? 
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(8) ????????? 
? 2??????????????? 
? ???? ??????? 
? ???? ???? 
? ????????? ?50 x 50 [cm]?????? ?? 40 ~ 80 [cm]? 
Fig.4-11?? 
? ???????? ?80 [kg]??? 
? ??????? ??? 
? ????? 15??? 
 
? ??????????????????????????????????
?????????????????????(fig.3-17)???????????
????????????????? Fig.3-18???[3-22].?????????
???????????????????????????????????
??????????????????Figs. 3-19,20,21???????????
?????????????????.??????????????????
????????????????????????.???????????
??????????????????????????.?????????
????????????????????????????.???????
??????????? Fig.3-22 ???.?????????????????
?????? Fig.3-23????????. 
? ??????????????????????????????????
????????????????????????????????Fig.3-24
?????????????????? Fraunhofer AIS (Institute Autonomous 
Intelligent System)?????????????????[3-23].????????
???????????????????????????????????.
?????????? (70 [deg])????? IEEE1394????????.???
??360 [deg]??????????????????? DC?????????
?????????????????????.??????????????
?????????????? IR ??????????????????? 4
?? 11????????????.????????????????????
?.????????????????????????. 
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(a) ?????????????????????????????? 
(b) ???????????????????????? 
(c) ??????????????????????????????????
?????????????????? 
(d) ????????????????????????????????? 
(e) ???????????????????????? 
(f) ??????????????????????????????????
???????????? 
(g) ???????????[3-25,26]? 6.0 [m/s]??????????????
??????????????? 2.0 [m/s]???. 
 
? ????????????????????????????????Musashi”
???????????????????????????????????
???????????????????????????????????
?????. 
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3.8.1 ??????????Musashhi????  
? Musashi???????????????????????????????
?.? (1) ???????????????????????????????
??2??????????????????? Principle 8?????????
???????(3)??Principle 7(?????)???????????????
??? 
(1) Concept of omni-directional mobility 
(2) Safety 
(3) Modularity concept 
 
3.8.1.1 Concept of omni-directional mobility. 
 Musashi ???????????????????????????????
???????????????(Fig.3-25).????????????????
??????????????????????????.????Fig. 3-4??
??????(Mobile)??????????????????????????
????D CAD(computer-aided design)??? Autodesk Inventor????????
??.??????????????????????????? 70 [W] DC?
???????.???????????????????? 12:1??????
??.???????????????????????.?????????
RS232 ???????????????? PC ???????????.???
????????????????? 3.4[m/s]???????????????
?????????(a)??????????. 
? ???(b)?(c)??IEEE1394??????????????????????
???????????.Fig.3-25 ????????????????????
? H????????? h???????????????????????
??????????????????????????????(Fig.3-27)[21].
???????????????????????????????????
???????????????????????????????????
???????????????????. 
  Table 3-1?Musashi??????.Musashi????????????????
???????????????????????????????????
????? 11 ???????????????????????.Fig.3-24 ?
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Musashi???????????????.?????????????????
??25.9 [V] 2000 [mAh]????????.?????????????????
?? 12.0 [V]???????????????? 5.0 [V]??DC-DC?????
???????????????????????????.????????
???? 40[W]??????????????30???????????. 
 
3.8.1.2 Concept of Safety 
 ???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
????The international Organization of Standardization (ISO)?????????
?????????? ISO12100????????[3-25]?????ISO12100?
???????????????? ISO10218 ???????ISO10218 ???
???????????????????????????????????
??????????????????????????? Fig.3-26 ????
?????????????????????????? 
 ???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????? ISO14212 [3-26,27]???????????
???????????????????????????????????
?? Fig. 3-27?????????????????????????????
? Fig. 3-3??????????????(Fig. 3-28??)??????????
????????????????????? Priciple 8??????????
???????????????????????????????????
?????????????????ISO?????????????????
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?????????????????????????????Musashi???
???????????? 
 
Design Principle 8: The principle of the safety mobile robot 
 
  ????????????????Fig.3-27???????????????
????????????????????????????? 
 
(1) ??????? 
? ??????????????????????????????????
???????????????????????????????????
???? Fig.3-16?????????????????????? 
 
(2) ?????? 
? ??????????????????????????????????
???????????(Fig. 3-29??)? 
 
? ???????????? ???????? 
? ???????????????? ?????????????? 
? ????????? ??????????? 
? ????????????? 
 
???????????????????????????????????
??????? 
 
(4) ??????????? 
? ??????JIS???????????????????????????
????????????????Fig.3-30?????????????????
???????????????????????????? I???????
????????? II?????????????? III??????????
???????????????????????????????????
???????????????????????????????????
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[3-32]?????????????????????????????????
??Musashi?????????????????????????? Table 3-2
???? 
 
(5) ????????????? 
? ??????????????????????????????????
?????????????????ISO12100??????????????
???????????????????????????????????
??????????????”Musashi”?????????????????? 
 
Step 1? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????? 
  Musashi???????????????????????????????
???????????????????????????????????
?????????????????????????????????Musashi
?? Table 3-1???????????????????(3.6 [V] 2000 [mAh] )?
7??????????????????3.6 [V]??? 4.2[V]????????
??3.1 [V]???????????????????????????????
???? 25.2[V]?????? 29.4 [V]???? 21.7 [V]??????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????? 70 [%]???????????????????????
???????????????????????? 
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Step 2 
  ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????? 
? Table 3-2??????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????? 
 
Step 3 
 ???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????? 
 
???????????????????????????????????
???????????????????????????????????
???????????????????????????Fig. 3-27?????
???????????????????????????????????
?????????????????????????????? 
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3.8.1.3 Concept of modularity 
 
Step 1: Description of the Robot System Architecture 
 ? ??????????????????????????????????
???????????????????????????????????
??????Fig?3-31??????”Musashi”?????PC?????????
??PC????????????????????????????????
????????????????????PC????????????PC?
?????????LAN????????????????????????
???????????DC????3????????????????????
????????????????????????????PC??????
???????????????????????????IEEE1394?????
??????RS232??????????????????????????PC??
???USB??????????????????PC?USB????????
???????????????????????????????????
?? 
? ????????????PC ? IEEE1394 ???????????????
?????????PC ?????????????????????????
??????????RS232 ??????????????????????
???????????????????????????????????
???????????????????????????????????
?????? RS232 ??????????????????????????
???
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Step 2: Definition of the Robot System Architecture 
   
? Fig?3-31??????????????????????????????
?????????(SM)????????????????????????
????????????????????????????????????
?????????????????????????????Fig?3-32??
????????????????????? SM ??????????USB
?????? USB/RS232????????????????????????
???USB ???????? SM ????????????????????
???????????????????????????????????
????(MW modules)?????????????????????????
?????????????????SM?????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????Fig?3-33?????? USB???
????????????????16Pin?????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????SM????????????????
??????????????????????????????? 
? ????? SM ???????????????????????????
?????????????????????????????????Musashi
???????????????????????????????????
???????????????????????????????????
?????????(Figs. 3-34)??????????????????????
?????? 60%???????????????????????????
????????????????????????????? 80%????
???????????????????????????????????
???????????????????????????????????
???????????????????????? 
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Step 3: Definition of the merged module 
   
? ??????????????????????????SM???????
???????????????????????(Merged Module: MM)???
??????????SM????????????????????????
???????????????????????????MM?SM????
????????????????????USB???????????KC?
?????????MD?????????????????????????
????5??SM?USB?KC?3??MD?????????????????
?????????????5??SM?????MM(??????????)??
??????????Fig?3-35????? 
  Musashi ???????????????????? MM ????????
??????????????????(Fig?3-36??????????????
???????????????????????????????????
???????????????????????????????????
???????????????????(e)?(f)???????????? 
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3.8.2  ?????????”Musashi”??????  
 
? ??????????????1997 ??????????????????
????????????????????1998 ?????????????
???????????????????????????????????
???????????????????[3-4]?1998 ???????????
???????????????????????????????????
?????? 
? ???Musashi????????????????????????????
???????????????????????????????? 
 
(a) ????????????????????  
????? 5.0 – 6.0 m/s??? 
(b) ?????????????? (?? 1.0 m??) 
 
??????????????????????????????? 
 
(1) ?????????????? 
(2) ????????????????????? 
(3) ??????????? 
 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? ON/OFF ????????????????? ON ?
???????????????????????????????????
?????????????? OFF???????????????????
???????????????????????????????????
???????????????????JumpingJoe”????????????
?????????[3-29,30,31](Fig?3-36)? 
? ??????????????????????????????????
???(g)??????????? 
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3.8.3  ???  
 
? ???????????????????Musashi”????????????
?????”Concept of Intelligent Mechanical Design for Autonomous Mobile Robot”
????????????Musashi ??(a) Omni-directional Concept, (b) Safety 
Concept, (c) Modularity Concept??????????????????????
??? 
? Omni-directional Concept????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????11??????????????????????? 
? ??????????????????????????????????
?????????????????????????????ISO?????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????? Principle 8?
???????????????????????????????????
????????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????? 
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Fig. 3-1 Mechanical design of an autonomous mobile robot and related factors [3] 
 
 
 
Fig. 3-2 New approach to mechanical design of an autonomous mobile robot  
and related factors [3] 
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Fig. 3-3 Overview of design principles of mechanical design of  
autonomous mobile robots [3] 
 
Fig.3-4 Overview of “Mecha-telligence methodology” for mechanical design of 
autonomous mobile robots with defined task “X” [3] 
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Fig. 3-5 Simulation league 
 
 
 
 
 
 
 
 
 
Fig. 3-6 Small size league 
 
 
 
 
 
 
 
 
 
Fig. 3-7 Middle size League 
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Fig. 3-8 4-leg league 
 
 
 
 
 
 
 
 
Fig. 3-9 Humanoid league 
 
 
 
 
 
 
 
 
 
Fig. 3-10 Rescue league 
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Fig. 3-11 @home league 
 
 
 
 
 
 
 
 
Fig. 3-12 RoboCup Jr dance league 
 
 
 
 
 
 
 
 
Fig.3-13 Robocup Jr. soccer league 
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Fig. 3-14 RoboCup Jr. rescue league 
 
 
 
Fig. 3-15 Limitation of a MSL robot size 
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Fig. 3-16 The field of RoboCup MSL (18 x 12 [m]) 
 
 
 
 
 
 
Fig. 3-17 The selected type of soccer robot [19] 
2 CONTENTS
FIFA LAW 1 – The Field of Play
RoboCup Changes and Comments
RC-1.0:
The Field Attention: The above image doesn’t show correct proportions!
RC-1.0.1:
Surface
Choosing a material for the fl or is the responsibility of the local organizers of
an event. The color of the field surface must be green.
RC-1.0.2:
Lighting
Artificial light sources may be hung over the field. The brightness of the lighting
on the field is at least 300 lux.
FL 1.1 Dimensions
The field of play must be rectangular. The length of the touch line must be greater than the length of
the goal line.
National Matches
Length: minimum 90m (100yds), maximum 120m (130yds)
Width: minimum 45m (50yds), maximum 90m (100yds)
International Matches
Length: minimum 100m (110yds), maximum 110m (120yds)
Width: minimum 64m (70yds), maximum 75m (80yds)
RoboCup Changes and Comments
RC-1.1:
Dimensions
RoboCup Matches
Length: minimum 8m, maximum 18m.
Width: minimum 6m, maximum 12m.
The oﬃcial field size for this year is 18m × 12m.
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Fig. 3-18 The high-level specification layers including main-layer and sub layer [19] 
 
 
Fig. 3-19 Layer 1 generated from the sub-layer[19] 
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Fig. 3-20 Layer 2 generated from the layer 1 [19] 
 
Fig. 3-21 Mono-spec layer generated from the layer 2 [19] 
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Fig.3-22 Results of the mono-spec layer generation and the function design priority [19] 
 
Fig. 3-23 The results of design [19] 
The black color shows our solutions for the listed problems in the mono-spec. layer  
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Fig. 3-24 The first version of our robot equipped with eleven sensors 
 
Fig. 3-25 Musashi robot platform 
“Musashi” robot includes an omni-directional platform, an omni-vision, and a strong 
novel ball-kicking device, designed by Autodesk Inventor 3D-CAD 
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Fig.3-26 The safety example of the industrial robot  
(IDEC Co. Ltd. ) 
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Fig. 3-27 The methodology of the safety robot design 
 
 
Fig. 3-28 New Concept of Intelligent Mechanical Design for Autonomous Mobile 
Robot 
?
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Fig. 3-29 Identification of the danger point 
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Fig. 3-30 Estimation of the risk  
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Fig. 3-31 Flowchart of the Musashi robot 
 
Fig. 3-32 Flowchart of the Musashi robot:  
Each dash square area describes basic modules. Area 1 indicates the USB module, are 
2 the motor driver (MD) module, area 3 the kicking device (KD) module, are 4 the 
motor and wheel (MW) module, area 5 the kicker circuit (KC) module, are 6 the main, 
power and camera swiches (SW) module and are 7 battery module. 
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Out/input connector Input  
connector 
(a)  (b)  
Fig.3-33 Sigle modules 
(a): Motor driver module (MD module) including a connector as I/O 
port (b): USB module consists of two connectors for input and output port. 
Output connector is at the bottom surface. 
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Figs. 3-34 Battery module 
 103 
 
Connector for 
MW modules 
Connector for 
KD module 
Central control module 
SW module  
Battery 
module 
Fig.3-35 Modules of “Musashi” robot hardware 
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Fig.3-36 Modules of “Musashi” robot 
Upper  
module  
Bottom module  
KD module  
Battery 
module  
Three MW  
modules  
Switch 
module  
Central control “merged” 
module 
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Table 3-1 Specification of a “Musashi” robot 
Item Specifications 
Size 500 ! 500 ! 800 mm 
Total Weight 18.0 kg 
Actuator DC-motor ! 3 
(Maxon, 24.0 V, 70 W) 
Motor Driver ! 3 
(Faulhaber, MCDC 2805) 
Power Supply Li-polymer battery 
(4..7 V ! 7 cells, 2000 mAh) 
Duration 0.5 hours 
Kicking Device DC motor ! 1 
(Faulhaber, 24.0 V) 
Torsion spring ! 3 
Sensors Omni-directional camera 
DC motor encoder ! 3 
Magnetic Direction sensor 
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Table 3-2 Risk assessment of the “Musahsi” robot 
 
??? 
??????????? 
????
?? 
?? 
?? 
?? 
??? 
??? 
?? 
????
??
??????
?????
??? ??? ?? I 
??? ??????
???????
??? ??? ?? II 
?????
?????
??????
???????
??? ??? ?? II 
??? ????????
??????
??? ??? ?? II 
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??? 
???????????? 1? 
?????????? 
????????? 
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4.1??  
? ??????????????????????????????????
??.? ????????????????????????????????
???????????????????????????????????
???????.? ???????????????????????????
???????????????????????????????????
????????????????????????.???????????
????????????????????????????????.???
???????????????????????????????????
???????????????????????. 
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4.2 ?????????????????  
? ????????????   
 
4.2.1? ????  
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????Gegenfurtner? Rieger[4-8]??????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????????????
???????????????????????????????????
???? 3 ??????????????????????????????
????[4-9,10]? 
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? ??????????????????????????????????
???????????????????????????????????
?????????????????????? Vision ??????????
????????????? 
? ??????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????? 
? ??????????????????????????????????
???????????????????????????????????
????????????????????[4-2,3,4]????????????
???????????????????????????????????
?????????[4-5,6]????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
?????????????????UrVr????????????????
????????????????????????????????????
?????????????????????????[4-7]????????
???????????????????????????????????
?????????? 
?  
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4.2.2 ??  
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????? 
? ?????????????????????? 7 or 15?????????
? USB ?????????????????????????????
Multi-Layer Perseptron (MLP)??????????????????(mnSOM)
???????????????????????????????????
???????????????????????????????????
?? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????(SOM)?????????NG?, ??????????
????(mnSOM)???????????????????????????
???????????????? 
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4.2.3 USB??????? mnSOM???????????
????????????????????  
 
4.2.3.1 ????  
? ????? Fig.4-1????Fig.4-1???????????????????
???????????????????????????????????
???? RGB?????(Rc,Gc,Bc)?????????????Rs,Gs,Bs???
???????????????????????????????????
???-1????????????????   
! 
O = (ored ,oblue ,oyellow ,!,oblack )  [ O = -1, 1]
????????????????????????????? 1 ?????
??????1 ??????????????????? 7 ?????????
????????????????????????15????????????
???????????????????????????????????
??????????????????????????Fig.4-2 ??????
??USB???????????? 
??????????????????????????????Table 4-1?
???? Table 4-1???????????????????????????
??????????????? 
? Table 4-1?????? 7??????????? 15???????????
??????????????30???????? Table 4-3????Table 4-3
??????????????27?????????????????3????
???? 
??????????????? Fig.4-3????Fig?4-3????????
???????????????????????????????????
???????????????????????????????????
???????????????????? 
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4.2.3.2 ????  
?  
(1) MLP????????????????? 
? MLP???????????????? 6????? 10, ???? 15???
7?????????????????????(Fig. 4-4)??????????
??????(Table 4-2??)???????????????????????
??????????????? 184 or 405 ?????27?????????
???????????????????????????????????
???????????????????????????????????
????????????????? 0.6, ?????0.0?????? 
 
(2) mnSOM????????????????? 
  mnSOM ???????? MLP-mnSOM ????????????????
??????????????SOM ????????????? MLP ???
???????????????????????????????????
SOM?????????????????????????????????
???????????????????????????????????
????????MLP?????????????MLP???????( 
?????? RGB??????? 10????? 15 or 7(???????????
?????)???(Fig. 4-5)????????????????(Table 4-2??)
???????????????????????????????????
??? 184 or 405 ?????27??????????????????????
???????????????????????????????????
??????????????????????????????? SOM??
???????????????????????????????????
? Table 4-3???? 
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4.2.3.3 ????  
?  
  ??? 30[c?]????????? USB ????????????????.
?????? USB??????????????????27????????
??????.Fig. 4-2??????????Rc, Gc, Bc, Rs, Gs, Bs???????
?????????????????3???????????????. 
 
????? 
????????? 7???????? 27?????????? 
  ? 7????????  3?????????? 
? ? ? ? ? ? ? ? ? {??? 3?18?27} 
???????????????????? ????????????? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
MLP-mnSOM?  
 
?????? 10000, 20000,30000,40000,50000,100000,200000???????? 
 
????? 
????????? 15???????? 27?????????? 
  ? 15????????  3?????????? 
???? 3?18?27? 
 
???????????????????? ??????????? 
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? MLP-mnSOM?  
 
?????? 10000, 20000,30000,40000,50000,100000,200000???????? 
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4.2.3.4 ????  
 
(1) ?????? 
 
? ?????????? Table 4-4,5,6,7???.Table 4-4,5,6,7????????
?????????????????????????????????
MLP-mnSOM ?????????????????????????????
???.????????????????????????????????
????MLP-mnSOM???????????????????. 
  Figs. 4-6,7? 7??????????????? BP???????????
??????????.?????????????????????????
???????????????????????????.????????
???????????????????????????????????.
???????????????????????????????????
???????????????.??????????? 12????????
?????????????????????.??????????????
???????????????????????????????????
??. 
? Fig.4-8????????MLP-mnSOM????????????????
?????.??????????????????????????????
???????.????????????????????????????
??????????????????????.?????????????
?????????????????????????????????.???
???????????????????????????????????
????????????????????????????. 
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(2) ?? 2??? 
 
 ?? 2?????? Table 4-8,9,10,11???.Table 4-8,9,10,11????????
????????????????????????????????(BP)?
MLP-mnSOM ?????????????????????????????
???????.??????????????????????????
50[%]?????????.BP ?????MLP-mnSOM ???????????
??????????????????????. 
? ??????????? BP??????????????? Fig.4-4???.
???????????????????????????????????
?????.Fig.4-9????????? 10????????11????????
????????????????????Table 4-1???????????
???????????????????????????????????
??????. 
? ?????? BP??????????????? Fig. 4-10???. 10????
???? 11??????????????????????????.????
???????????Table 4-2?????????????????. 
 ???MLP-mnSOM????????????????????? Fig. 4-11?
??.?????????????????????????????????
????.???????????????????????????????
???????????????????????????????????
???.??????????????????. 
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4.2.3.5 ??  
 
? ??????????????????????????????????
?????????.??????????????????????????
??????????????????????? 7??????MLP-mnSOM
???????????? 80%???????????????????.??
??????7?????????? Robocup???????????????.
???????????????????????????????????
???????. 
? ??????????????????????? 1.0 or -1.0?????.?
???????????????????????????????????
?????????????????.??????????????????
???????????????????????????????????
?.??????????????????????????????????
??????.?????????????????????????????
??.?????????????????????????????????
?????. 
??????????????????????????????????
???????.????????????????????????????
??????.?????????? MLP-mnSOM ????????????
??.?????????????? Musashi ??????????????1
??? 30??????????? 480x480????????????????
?.????1 ?????????? 33[ms]????????????????
????????????????????.???????????????
???????????????????????????????????
?????????.??????????????????????????
???????????????????????.????????????
???????????????????????????????????
????????????????????????.???????????
???????????????????????????????????
??????????????????????????????.? ?  
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????? 2????????.??????????????? 15????
???????????????????????????????????
???.?????????????????????.???????????
??????????.???????????? 15 ??????????.?
???????????????????????????????????
??????? Fig. 4-9???????.??? HSV????????????
????????????????????????.???????????
????????????????????.???????????????
???????????????????????????????. 
?????? 1?????mnSOM???? 1??????????????
??????????MLP???????????? 1????????.??
????????????????????????????? 50??????
????????????????.??????? BMM ?????????
????????????????????????? BMM ???????
??????????????????????.??????? Table 4-12,13
?????? 1 ??????? MLP ? 10 ????????????????
???.????????????????????????????????
????????.???????????????????????????
???????????????????????.????????????
???????????????????????????????????
??????????????. 
??????????????Fig.4-3 ?????????????????
????. ???????????????????????????????
???????????????????????????. 
??????????????????????????????????
?????????????????.??????????????????
???????????????????????????????????
???????????????????????????????????
???????.??????????????? Musashi ?????????
????????????. 
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4.2.4????????????? Musashi???????
???????????????????????  
 
4.2.4.1 ?????????????????  
 
? ?????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????
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?
4.2.4.2 ????????  
? ?????????????????????????????????
???????????????? ????? PC???YUV??????????? ?
??????????????????????????? ?????????
?????????????????
?
? ? ? ? ? ? ? (4.1) 
 
    ? ? ? (4.2) 
 
     ? ? (4.3) 
?
 ????????????????????????.V??YUV???? V
??????H??HSV???????????.?????????????
???????????????????????????????????
???????.????????? G???????? W(??)??????
?????????. 
! 
G =Ug? ? ? ? ? (4.4) 
 
      ? ? (4.5) 
 
! 
G =Ug      (4.6) 
 
     ? ? (4.7) 
 
! 
Sw " Sminw ,Smaxw# $    (4.8) 
?
? ?????????????????????????????????
????????????????????????????????????
?????????????????(Fig. 4-12??)[4-11]??
! 
O = (V o"Ho)
! 
V o " [Vmino ,Vmaxo ]
! 
Ho " [Hmino ,Hmaxo ]
! 
Ug " [Uming ,Umaxg ]
! 
Y w " [Yminw ,Ymaxw ]
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?
4.2.4.2 ?????
 
4.2.4.2.1  ??????  
? ??????????????????????????????????
????????Fig.4-13?????????????????????????
?????? ??? ???????????? x?????
?
    (4.9) 
?
?????YUV????? ?????????????????????????????
-1.0 ?? 1.0 ??????????????????????????????
???????????????????????????????????
?????????????????????????????4.10??. 
?
! 
y = Vmaxo ,Hmaxo ,Umaxg ,Yminw ,Sminw( )  ? ? ???????(4.10) 
?
? ????????????o????????????g???w????
?????.???????????????????.????????x ? y
????????????. 
! 
x = (Yg ,Ug,Vg ,Yr,Ur,Vr,Yb ,Ub,Vb ,Yw,Uw,Vw )
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4.2.4.2.2  ????????(SOM)??????  
 
? ???????????????????????????????????
???????????(4.11)??????????. 
 
 
! 
" i = xi yi[ ]     (4.11) 
?
? ???????????????? x ????????????????
?????????????????????? y ????????????
?????????????????????.??????????????
???????????????????????(????).Table 4-14???
??????????????????. 
 
4.2.4.2.3  ???????(NG)??????  
 
? ??????????????????????????????????
SOM???????????????.????SOM????????????
??????????????NG ????????????????????
??????????????.?????????????????????
???????????.??????????????? SOM???????
???????????????????BMU ??????????????
??????????????????????????????.? ????
????????.??????????????????Table 4-14 ????.
???????????????? 
 
 
4.2.4.2.4  ??????????????(mnSOM) 
???????  
 
? ??????????????(mnSOM)??SOM???????????
???? mnSOM ???????????????????????????
????(MLP)? SOM ??????? MLP-mnSOM ???.????????
?????????????????????????.??????????
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???mnSOM?????????MLP?????????????.????
?? u???????? x ?????????.???MLP???????? x
????????????? y ?????????????????????
???????. 
? mnSOM??????????????????????????????
?????Table 4-15?????????????. 
 
4.2.4.3 ????  
  ?????????(???)??????????????????????.
???????????????????????????????????
???????????????????????????????????
??????.????? 17??????????????????(Table 4-16
??).????????10~18640 [lx]??????.?????????????
????????????????????????????????????
??????????????????.?????????????? 8 ??
????????.????????2 ~ 980 [lx]??????????????
???????????????????????????????????
????(Table 4-17??).30000?????????????SOM, NG, mnSOM?
???????????????????????????????????
??(?????)????????????????????????????
?????? CPU ????????????????????.???????
??????? 10x10???30000????. 
? ??????????????????????????????????
???????????????????????????????????
???.????????????????????????????????
??????????????????????.??????????????
????????????????????.Fig. 4-14???????????
????????????????????????????????????
??????????????.????????400 [lx], 100[lx], 50 [lx], ???
????????????????.???????????????????
???????????????????????????????????
???.?????????x????????????.
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????? 
???????? ??????   17???Table 4-16??? 
   ??????? 8 ??(Table 4-17??) 
 
??????????????????????????? 
? ? ?   ? ???????????????????????????? 
 
????????????????????  
????????(SOM), ????????NG?? 
??????????????(mnSOM) 
 
?????????????? :  10 x 10 
 
??????? PC :  MacBook (CPU: 2 Ghz Intel Core 2 Duo,  
                    Memory : 2 GB 667 Mhz DDR2 SDRAM) 
 
?????? ?? 30000????? CPU Time, ??????????????? ? ?
???????????????????? 1???? CPU Time,? ?????
?????  
 
?????? 30000? 
 
???????? 15.0 
          ??   1.0 
 
????? 300 
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????? 
???????? ??????   4???Table 4-20??? 
 
??????????????????????????? 
? ? ?   ?  
 
????????????????????  
????????(SOM), ????????NG?? 
??????????????(mnSOM) 
 
?????????????? :  6 x 6 
 
??????? PC :  MacBook (CPU: 2 Ghz Intel Core 2 Duo,  
                    Memory : 2 GB 667 Mhz DDR2 SDRAM) 
 
??????  
 
?????? 30000? 
 
???????? 6.0 
          ??   1.0 
 
????? 300 
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4.2.4.4 ????  
(1) ?????? 
? ?????????? Table 4-18???.Table 4-18????????????
????????? SOM? NG???.??????????????????
????????????????????????????????.???
??????????????????????? SOM?NG???????
????????????????SOM? NG???????.???????
?????????????????????????? NG? mnSoM???
???. 
 
(2) ?????? 
? ?????????????????.SOM ??????????????
???(BMU)???? Fig.4-15 ???.??????????????????
??????????????.Fig.4-16???????????? SOM???
???????????????????.????????????????
????????????????????????????????.???
???????????????????????????????????
???????.???Fig.4-17 ??????????????.???????
?????????????????????????.??????????
???????????????????????????????????.
???NG????????????????????? Fig.4-18???.???
??????????????????????.Fig. 4-19???????NG?
???????????????????????????????????
?????????????????.???, fig.4-20? mnSOM??????
????????????(BMM)??????.mnSOM ??????????
?????????????????.???Fig.4-21 ???????????
? mnSOM????????????????????.mnSOM???????
?????????????????????????????????.??
???????????????????????????????????
???????Fig.4-17?????.????mnSOM????????????
???????????????????????????????????
???????. 
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4.2.4.5 ??  
 
 ???????????????????????????????????
?????.?????????????????????????????.?
?????????????????SOM, NG, mnSOM??????????
????.?????????????????NG ????????????
??????????.?????????????????????????
mnSOM? NG?????????????????.????????????
????????? NG ???????.?????????????????
??????????SOM? NG???.?????????? CPU Time??
??? SOM, NG ???????????.????????????????
NG, mnSOM?????????????????? SOM?????????
????????.????? ???????? NG ????????????
???????????????.????????????????????
?????????????[4-7]?????,? ??????????????
????????????????????????????????????
???????? 157 [msec]???????????????? NG ??
58[msec]????????????????????.???????????
???????????????????????????????????
???????????????.????????????????????
??????????????????????????.????RoboCup ?
???????????????????????????????????
???????????????????????????????????
????.????????????????????????????????
???????????????????????????????????
??????.?  
? ????? 2 ??????????????.??????????????
???????????????????????????????????
???????????.??????????????NG ? mmSOM ???
????????????????????????.???????????
???????????????????????????????????
?? NG?mnSOM???????????????????.????????
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???????????????? CPU ????????NG ???????
???????.????????????????????????????
???????????????????????????? mnSOM ???
??????. 
? ??????????????????????????????????
???????????????.????????????????????
?????????????????????????NG?????????
????????????[4-13,14,15]. 
 
4. 3 ???  
 
? ? ?????????????????????????????????
???????????.?????USB ?????????????????
?????????????????????????????7 ?????
15?????????????????.?????????????????
?????????????????????????.??????????
????????????????????????????? 7 ?????
?MLP-mnSOM???????????? 80%??????????????
?????.??????????????????????????????
??????????????????????????????. 
? ???USB????????????????????????”Musashi”?
???????????????????????.????????????
??????????????????????.????????????
SOM, NG, mnSOM????.???????????????????????
????? 30000 ???????????????????????????
???????????????????? CPU?????????????
??????.???????NG ????????????????????
?.??????????????????????????????????
???????????.?????????????????? NG ????
???????????????????????????.????NG ??
???????????????????. 
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? ??????????????????????????????????
???????????????????????????????????
?????????????????????.??????????????
???????????????????????????????????
????????????????????????????????????
??. 
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Rc,Gc,Bc 
Rs,Gs,Bs 
Fig.4-1 Testing data environment 
Fig.4-2 Testing data  
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(a) class 1 
orange 
(b) class 1 blue (c) class 1 
white 
(d) class 2 
orange 
(e) class 2 blue (f) class 2 white 
(g) class 4 
orange 
(h)class 4 blue (i) class 4 white 
(j) class 15 
orange 
(k)class 15 blue (l)class 15 
white 
(m) class 23 
orange 
(n) class 23 blue (o) class 23 white 
Fig.4-3 Sample of color data 
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Fig. 4-4 BP vision system 
 
 
 
Fig. 4-5 mnSOM’s functional module in our algorithm 
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Fig.4-6 Result of BP learning (SOMg Canvas) and error color picture 
(a) learning data 
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Fig.4-7 Result of BP test data(SOMg Canvas) and error picture 
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? ?
? 
?? 
Robocup 
room 
Entrance 
Gym 
lab 
???? 
Fig.4-8 Result of mnSOM feature map 
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Fig.4-9 Result of BP experiment II learning data error sample 
picture 
Fig.4-10 Result of BP experiment II test data 
Class 4 output errors sample 
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? ?
? 
?? 
Robocup 
room 
Entrance 
Gym 
???? 
Fig.4-11 Result of mnSOM feature map 
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Fig. 4-12 Conventional color extraction algorithm  
 
 
Fig. 4-13 The omni-directional mobile Soccer Robot “Musashi 
Color reference template are put around the omni-directional camera 
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Fig. 4-14 Lighting Condition of the Experiment: Arrow shows the robot movement 
 
 
 
Fig.4-15 Transition the units by SOM algorithm 
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Fig. 4-16 Transiton of the unit in feature map by SOM algorithm 
 
 
Fig. 4-17 Transition the threshold by SOM algorithm 
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Fig. 4-18 Transition the units by NG algorithm 
 
 
 
 
Fig. 4-19 Transition the threshold by NG algorithm 
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Fig. 4-20 Transition the modules by mnSOM algorithm 
 
 
Fig. 4-21 Transition the modules and feature map by mnSOM algorithm 
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Fig.4-22 Transition the thresholds by mnSOM algorithm 
 
 144 
 
Table 4-1 Test Color 
?? ??????? ????? ?????
????? ??? ??? ???
?? ???? ???? ????
??? ??? ???? ????
?? ?? ?? ??
?? ?? ?? ????
????? ???? ???? ????
???? ???? ???? ????
?? ?? ???? ????
??? ?? ?? ???
???? ?? ??? ???
???????? ??? ??? ???
??? ??? ???? ???
??? ???? ??? ???
??? ???? ???? ????
?? ? ???? ???? ???
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Table 4-2 Condition of test environment 
???? ????? ??? ???????
?? ?????? ?????????? ????
?? ?????? ????????? ????
?? ?????? ????????? ????
?? ?????? ???????????? ???
?? ??? ??? ?????????? ????
?? ??? ??? ????????? ???
?? ???????? ?????????? ????
?? ???????? ????????? ????
?? ???????? ???????????? ???
??? ???????? ?????????? ????
??? ???????? ????????? ????
??? ???????? ???????????? ???
??? ??? ???? ????
??? ??? ???? ????
??? ??? ??????? ?????
??? ????????? ????????? ????
??? ????????? ????????? ???
??? ????????? ???????????? ???
??? ???????????????? ????????? ????
??? ???????????????? ????????? ???
??? ???????????????? ???????????? ???
??? ??????? ????????? ????
??? ??????? ????????? ????
??? ??????? ?????????? ????
??? ???? ??? ????????????????? ???????? ????
??? ???? ???????????????? ???
??? ???? ?????? ???
??? ???? ????????????????? ???
??? ???? ??????????????????? ???????? ???
??? ???? ??? ????????????????????????? ???
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Table 4-3 Parameters of MLP-mnSOM 
??????? ??????
??????? ?min? ???? ?
??????? ????? ????? ?
???? ?? ????? ?
???? ?? ???? ?
??? ?????????? ?? ?
??? ?????????? ??? ?
??? ?????????? ????????
????? ?? ???? ?
???? ? ?? ???? ?
 
 
Table 4-4 Result of BP experiment I about learning data 
? ?
????
??
????? ???? ???? ?????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ???????
?????? ???? ??? ???? ????????? ???????
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Table 4-5 Result of MLP-mnSOM experiment I about learning data  
? ?
????
??
????? ???? ????
????
???
?????
?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ???????
?????? ???? ??? ???? ????????? ???? ???????
 
 
 
Table 4-6 Result of BP experiment I about non-learning data 
? ?
????
??
????? ???? ???? ?????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ???????
??????? ??? ?? ??? ????????? ???????
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Table 4-7 Result of MLP-mnSOM experiment I about non-learning data 
? ?
????
??
????? ???? ????
????
???
?????
??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ???????
??????? ??? ?? ??? ????????? ???? ???????
 
 
 
 
Table 4-8 Result of BP experiment II about learning data 
? ?
????
??
????? ???? ???? ?????
?????? ???? ???? ???? ????????? ??????
?????? ???? ???? ???? ???????? ??????
?????? ???? ???? ???? ????????? ??????
?????? ???? ???? ???? ???????? ??????
?????? ???? ???? ???? ????????? ??????
?????? ???? ???? ???? ???????? ???????
?????? ???? ???? ???? ????????? ???????
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Table 4-9 Result of MLP-mnSOM experiment II about learning data 
? ?
????
??
????? ???? ????
????
???
?????
?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ???????
?????? ???? ??? ???? ????????? ???? ???????
 
 
Table 4-10 Result of BP experiment II about non-learing data 
? ?
????
??
????? ???? ???? ?????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ???????
??????? ??? ??? ??? ????????? ???????
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Table 4-11 Result of MLP-mnSOM experiment II about non-learning data 
? ?
????
??
????? ???? ????
????
???
?????
??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ???????
??????? ??? ??? ??? ????????? ???? ???????
 
Table 4-12 Result of MLP-mnSOM about learning data (10 bp learing/ epoch) 
? ? ?????? ????? ???? ????
?????
??
?????
?????
?????
????
?????? ???? ???? ???? ????????? ???? ?????? ???????
?????? ???? ???? ???? ????????? ???? ?????? ???????
?????? ???? ???? ???? ????????? ???? ?????? ???????
?????? ???? ???? ???? ????????? ???? ?????? ???????
?????? ???? ???? ???? ???????? ???? ?????? ???????
?????? ???? ???? ???? ???????? ???? ??????? ????????
 
Table 4-13 Result of MLP-mnSOM about non learning data ( 10 bp learning/ 1 epoch) 
? ? ?????? ????? ???? ????
?????
??
?????
?????
?????
????
??????? ??? ??? ??? ????????? ???? ?????? ???????
??????? ??? ??? ??? ????????? ???? ?????? ???????
??????? ??? ??? ??? ????????? ???? ?????? ???????
??????? ??? ??? ??? ????????? ???? ?????? ???????
??????? ??? ??? ??? ????????? ???? ?????? ???????
??????? ??? ??? ??? ????????? ???? ??????? ????????
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Table 4-14 Variables used in Explanation of SOM and NG algorithms 
Symbol Quantity 
! Learning data  
x Input vector 
y Output vector 
i Index expressing classes (i = 1, .... , I) 
w Reference vector 
k Index expressing unit (k = 1,......, K) 
E Distance between input vector and  
reference vector 
k* Best Matching Unit (BMU) 
"  Neigubor Function 
d(a,b) Euclidean distance between a and b 
# Learning late 
$ Neighbor radius 
% Time constant 
Table 4-15 Variables used in Explanation of mnSoM algorithm 
Symbol Quantity 
& Reference module vector  
x Input vector 
y Output vector 
j Index expressing classes (j = 1, .... , J) 
m Index of module 
Em Distance between input vector and  
reference vector 
m* Best Matching Module (BMM) 
"  Neigubor Function 
d(a,b) Euclidean distance between a and b 
# Learning late 
$ Neighbor radius 
% Time constant 
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Table 4-16 Environment of the learning data 
Location (light environment) Illuminance [lx] 
RoboCup room (FL) 10 
RoboCup room (FL) 53 
RoboCup room (FL) 110 
RoboCup room (FL) 453 
RoboCup room (FL and SUN) 81 
RoboCup room (FL and SUN) 90 
RoboCup room (FL and SUN) 450 
Entrance (FL and SUN) 25 
Entrance (FL and SUN) 45 
Entrance (FL and SUN) 125 
Entrance (FL and SUN) 252 
Outdoor (SUN) 228 
Outdoor (SUN) 18640 
Gym (SUN) 35 
Gym (WM and SUN) 113 
Gym (OM and SUN) 142 
Gym (WM, OM and SUN) 216 
 
SUN: Sunshine, FL: fluorescent light, 
WM: white mercury lamp, OM: orange mercury lamp 
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Table 4-17 Environment of the non learning data 
Location (light environment) Illuminance [lx] 
RoboCup room (FL) 310 
RoboCup room (FL and SUN) 69 
RoboCup room (SUN) 2 
Entrance  (FL and SUN) 337 
Entrance  (FL and SUN) 168 
Entrance  (SUN) 30 
Outside   (SUN) 58 
Outside   (SUN) [Evening] 980 
 
Table 4-18 
 Result of Experiment I 
 SOM NG mnSOM 
Learn speed 
[sec] 
27.9 17.1 81.5 
Error 0.0007 0.0000 0.0367 
Execution speed 
[msec] 
61.3 58.4 114.9 
Recognize 
Rate[%] 
83.3 85.4 85.4 
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? 5? 
??????????? 2? 
?????????? 
??????????? 
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5.1??  
 
  ?????????????? 6000 ??????????? 5000 ????
???? 2.4?????????.??????4750 [m] ??????????
????????.???????????????????????????
?????.????????????????????????[5-1]. 
? ??????????????????????????????????
???????????????????????????????????
???.????????????????????????????????
[5-2]. 
 ???????????????????????????????????
????????????????.???????????????????
?????.?????????????????????????????.?
????? 10[m]????????????????????????????
?????????.??????????????????????????
?????????????????????????????????.??
???????????????????????????????????
?.??????????????????????????????????
???. 
? ??????????????????????????????????
??????????????????????????????? 4.0[m]?
??????????????????.?????????????????
???????????????????????????????????
?????.? ????????????????GPS ???????????
???????????????.????????????????????
????????????????. 
 ? ??????????????????????????????????
???????.1950 ??????????????????????????
??????????? 1958 ?????????????????
CURV-I[5-3]??1996?????????????????? 868[m]?????
???????.????????????????????????????
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?????????????????.??????????????(AUV: 
Autonomous Underwater Vehicle)?????????????????????
???[5-4,5,6,7,8]. 
 ???????????????????????????????????
???????????????????.????????????????
???????????????????????????. 
 
 
5.2 ??????????  
 
? ???????????????????????????????????
????????????????????????????????????
??????Fig.5-1????????????????[5-9].? ????????
?????????????????????????? 
 
????????????
ALVIN[5-10]??1964 ??????????????????????????
??????????????????????(Woods Hole Oceanographic 
Institution : WHOI)????????????3700 ?????????????
????????????????????7.0[m]???3.7[m]??????????
???????????????4500[m]??????????????????
??3??????????6?????10???????????TITANIC ???
1986 ?????????????????????????????????
?(Fig.5-2)??
?
ABE(Autonomous Benthic Explorer)??WHOI?1993???????AUV????
???????????????????Li-ion????????????3.0[m]?
???2.0[m]????2.5[m]????550[kg]?????????5000[m] ??????
??????????????3???????2???????2??????
??ABE ??????????200 ???????????????????
1996???2006 ??????155 ???????????????2500[km]??
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???2000[m]?????????????WHOI?????ABE???????
????????????????????????????????????
AUV?ROV????????????????????(Fig.5-3) 
 
????????????(MIT : Massachusetts Institute of Technology) Sea Grant
???1995??Odyssey II????[5-11]?5????????????2 ???
???WHOI ??????????????????????2?????1??
Odyssey IIc ??2000 ??????????2.2[m]??????200[kg]??????
???Li-polymer ???????????8 ???44[km]???????????
????????????????????????????????????
??????????????????(Fig.5-4)??
?
REMUS(Remotely Environmental Monitoring UnitS)[5-12]???WHOI?????
REMUS100?REMUS600?REMUS6000 ??????REMUS ?????????
AUV????REMUS100 ????1.60[m]???37[kg]?????100[m]??ADCP??
CTD??????????????????(Fig.5-5)??
?
Jason/Medea[5-13]??Institution’s Deep Submergence Laboratory?????ROV 
????????????WHOI ???????3.4[m]????2.4[m]????2.2[m]?
????3.7[t]????????6500[m]??????????6 ????????
???????6 ??????????????????????????8 ??
??????(Fig.5-6)??
?
?????ISE(International Submarine Engineering Ltd.)??1983 ????????
??????ARCS ???????[5-14]?????AUV?ROV(HYSUB)?????
??????????????ROV?????ROV ????????????
HYSUB5000 ?????2.54[m]????1.52[m]????1.65[m]?????2.2[t]????
???5000[m]?????????????????5 ?????7 ??????
??????????????????ISE ?????????????????
??(Fig.5-7)??
?
 158 
????MOERI(Maritime & Ocean Engineering Research Institute)?Korea Ocean 
Research & Development ???2001 ????6000[m]???ROV?HEMIRE????
????????2006 ?????5600[m]???????[5-15] (Fig.5-8)??
?
????????????
?????6500[5-16]????????????1990 ????????????
???????????6500[m]??????????????????????
????????????9.5[m]????25.8[t]?????????6500 ???????
???2[m]????????????????????????7 ???????
??2 ?????????2003 ?????????????????????
????????????????????60????????????????
?(Fig.5-9)??
?
????[5-17]?????????????1995 ???????1 ??????
????????ROV ?????????????????????6500 ???
???????????????????????????6500 ???????
???????????????????????????????????
???????2003 ??????????????????????????
?????7000[m]??????????????????????????7000 
?????????????????????5.2[m]????5.3[t]??????
11000[m]????????????????????????????????
?????????????????2.8[m]???2.7[t]????6????????
?????1 ??????????????5 ????????(Fig. 5-10)??
?
r2D4[5-18,19,20]???????????????2003 ????????AUV ?
???R-ONE(Fig.5-11)??????????????4.6[m]???1.6[t]????
??4000[m]??????????????????????60[km]???????
???????????????????????(Fig. 5-12)??
?
Aqua Explorer 2000[5-21]??KDDI ?????????????????????
???????AUV ???????3[m]????300[kg]????2000[m]?????
???????????????????????????16??????????
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???????????????????????????????????
????(Fig.5-13)??
?
Tri-Dog I[5-22,23,24]??1999 ???????????????????????
????AUV?????? ? 1.85[m]??? ? 180[kg]????? ? 100[m]??
??Tri-Dog I ??????????????????????????????
??[28]????????????????????100[m]??????????
????????(Fig.5-14)??
?
Aqua Box[5-9,5-25,26,27]??2006?????????????????????
????????????????????????.???????????
??????????????????????????????.AUV?ROV
???????????????????.????????????????
???AUVSI????????????( Fig.5-15)  
?
????????????????????????????????????
???????????????????????????????????
?????????????????????????????????????
???????????????????????????????????
???????????????????
 160 
5.3 ???????????  
?
? ???????????????????????750 ???????????3
?????????????????????????????????
?
???????????????Surge?????Sway?????Heave??????Roll??
????Pitch?????Yaw???6 ?????????
? ??????????????????
? ??????????????????????????????????
?????????????
? ??????????????????????????????????
??????????????????????????????????
????
? ??????????????????????????????????
??????????????????????????????????
??????????
?
????????????????????????????????????
??????????????????[3],[28]??
 
 
! 
m( ˙ u + qw " rv) = FAx + FHx + FTx
m( ˙ v + ru " pw) = FAy + FHy + FTy
m( ˙ w + pv " qu) = FAz + FHz + FTz
Ixx ˙ p " Ixz ˙ r + (I zz " Iyy )qr " Ixz pq = M Ax + M Hx + MTx
Iyy ˙ q + (Iyy " I zz )rp + I zx (p2 " r 2) = M Ay + M Hy + MTy
Izz ˙ r " I zx ˙ p + (Iyy " Ixx ) pq" Ixzqr = M Ax + M Hx + MTx
    (5.1) 
 
m, I?????????????u, v, w??????p, q, r?????F, M?????
??????????????A ??????????H ?????T ?????
????????????
????????????????????????[5-29,30,31]???????
???????????????????????????????????
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?????1980 ???????????????????????Computational 
Intelligence[5-32,33]???????????????????????????
????????????????
????????????????????????????????????
??????????????????????????????
[5-34,35,36,37]???????????????????????? [5-38], 
[5-39]?Yuh??????????????????????????????
?????[5-40,41]??????????[5-42]??Guo???????????
?[5-43]?PID ?????????????????????????????
[5-44,45]????????????????????????????????
????????????????????????????????????
???????????????????????????????????
?????????R.S. Burns ?????????????[5-46]??????
????????????????????[5-47]?????R.S. Burns ????
????????????????????????????????????
???????????????????????PID ???????????
????????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
???????????[5-48]??
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5.4. ???
?
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????
? ??????????????????????????????????
????????????
?
? ????????????????
? ???????????????
? ????????
? ?????????
? ?????????
 
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????Twin-Burger(Fig.5-16)????
???????????????????????????????????
????????????????????????????[49-52].?????
???????????????????????????????????
???????????????????????????????????
?????????????????????(????????????)??
????????????????????????????????????
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???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
????????????????????(SOM)?????????????
????????????????(SOM)?????????????????
????????????????????????????????????
???????????????????????????????????
??????(??, ??) ????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
????????????????????????????????????
??????????????????????
? ????????????????????????????????
(mnSOM: modular network Self- Organizing Map) [5-53] ????????????
?????????????????????????????????????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????[5-54,55,56,57]??
? ????mnSOM????????????????????????????
????????????mnSOM???????????????????
[5-58,59].???????????????Fig. 5-17?????????????
?????????????Fig. 5-17 ????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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????????????????????????????????????
????????????????????????????????????
????????????Twin-Burger??????????????????
???. 
 
5.5 ?????????”Twin-Burger” 
 
???????????????Twin-Burger”??1992???????????
???????????????????????????.????????
???????????????????????????????????
???????????????????[5-61,62]. 
 Twin-Burger????1.3 [m], ???? 110 [kg]??????????????
?????????????FRP?????????????????????
????????????????????.????????FRP?????
???????????????????????????????????
???????????????????.Table 5-1?Twin-Burger??????.
???????????????????????????????. 
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5.6 mnSOM????????????  
 
????????????????????????????????????
????????????????????????????????????
???????????????????????????????????
?????????[5-63,64,65,66,67,68,69,70,71,72,73]????????????
????????????????????????[5-74,75,76]? 
?????????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
??????????(mnSOM: modular network Self-Organizing Map)?????
????????????????????????????????????
??MLP???????????????????????????
??mnSOM??????????????????????2??????MLP
?mnSOM???????????????????????????????
mnSOM????????????????????????????????
????????????????????????????????????
??????????????????????????????Fig. 4-17,18 
???????????????????????????????????
???????????????2 ???????????????????
??????????
? ?????????????????mnSOM?????????????
????????????????????????????????????
????????3 ???????????????????????????
????
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5.6.1 ????????  
 
5.6.1.1 ??????????????  
 
? ??????????????????????????????????
????????????????????????????????????
?????Fig5-18-(a)??????????????????????Si(x)????
???????????????????????????????????
???????????Sj(x)??????????????????????
???????????????????????????????????
??????????????????????????????????Si(x)??
Sj(x)?????????????????????????????????
????????????????????????????????????
???????????????????????????????????
?????????????????????????????????????
????????
? ??????????????????????????????????
????????????Fig5-17)????????????????????
????????????????mnSOM????????????????
?????????????S????!S?????!2S?????u??????
?????????????????????????????????
M ????????????Di = (D1, D2, ..., DM)?????????N ?????
????(xij, yij) = {(xi1, yi1), (xi2, yi2),..., (xiN, yiN)}??????????fi(.)????
?????????(5.2)??????????
Di=(xij,yij)={(!Sij,uij), !Sij}? (i=1~M,j=1~N)     
! Sij = fi(!Sij,uij)      (5.2) 
???mnSOM ????????K ????k ???????????????
?????????????????wk ?????????????(!Sij, uij)?
????? ????(5.3)??????Fk(.)??????????
?
      
! 
"2
! 
S ijk = F ("Sij ,uij ;wk ) = F k ("Sij ,uij )??    (5.3) 
 167 
?????????????????????
?
i) ???: mnSOM ??????wk ??????????
ii) ????: ?(5.4)?????! Sij (k)?!2Sij ????????EFwdj ?????Di 
??????????(5.8)??fi(.)??Fk(.)????????????????
 
 
! 
EFwdi (k) = 12N " ˆ S ij (k) # "Sij{ }
2
j =1
N
$       (5.4) 
 
iii) ????: ?(5.5)??????????????????????????
???ki*???????
! 
ki* = argk min(EFwdik )        (5.5) 
 
iv) ????: ?(5.6)??????????????????????????
???????'ik ??????'ik ?k?????????i?????????
????????????????h(.)?????????L??????T??
??????????????????????
! 
"i
k = h L(k,ki*),T{ } h L(k,ki'* ),T{ }
i'=1
M
#        (5.6)  
 
v) ????: ????????????????(5.7)?????????"??
????#ik ?????wk ?????? 
 
! 
"wk = #$ %ik
&Eik
&wk
' 
( 
) 
* 
+ 
, i=1
M
-        (5.7) 
?
ii) ~ v)???????????????????
?
??????????????????mnSOM ?????????????
mnSOM ???????????????????????????????
????????????????????????????????????
?????????????????????
! 
"S??????????????
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???????.????????????????????????????
???.????????????????????????????????
????????. 
 
 
5.6.1.2 ????????????  
 
? ??2 ????????????????????????????????
???????????????Fig 5-18(b)????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
??????????????????????
????????????????????????????????????
??mnSOM??????????????????????????????
?????????????Fig5-18-(b)??????????????????
??????????????????????Fig5-17??????????
???????????????????????????????????
????mnSOM????????????????????????????
???????????????????????????????
????????????????????????Di?????r = (r, !r)??
??????(5.8)??????????
 
  
! 
Di = (xij , yij ) = rij " Sij ,#rij " #Sij ,uij"1( ),uij{ }
uij = gi (rij " Sij ,#rij " #Sij ,uij"1)
     (5.8)
 
????r ??????!r ??????????
 169 
????k ?????????????????????????vk ??????
?????(rij - Sij, !rij - !Sij, uij-1)????uij ???(5.9)??????Gk(.)??????
???
 
! 
ˆ u ijk = G (rij " Sij ,#rij " #Sij ,uij"1;vk )
= G k (rij " Sij ,#rij " #Sij ,uij"1)
       (5.9) 
 
  ?????????mnSOM ???????????????????????
????????????????????????????????????
????????????????????????????????(4.7)?
????????(5.10)???????????????????????(4.10)??
????????????????????????????????????
????????????????????????
?
! 
Ectl ik =
1
2N p1 rij " Sij( )
2
+ p2 #rij " #Sij( )
2
+ p3uij2
$ 
% 
& 
' 
( 
) 
j=1
N
*     (5.10) 
 
????p1?p2?p3 ?????????????????????????????
????? 
 
 
5.6.1.3 ????????  
 
? ?1?????2???????????????????????????
??????3?????????????????????????????
???????????????????????????????????
???????????????????????????????????
??Fig4.18-(c)????Sx(x)????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
????????????????????????????????????
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????????????????????????????????????
???????????????????????????????????
??????????????
N’???????????????(5.11)?????????????????
??????????
 
! 
EExpk = 12N ' " ˆ S Exp j # "SExp j{ }
2
j =1
N '
$       (5.11) 
 
  ????(5.11)?????????????????????????????
?????????
! 
kExp j
*??????
?
! 
kExp j
* = argk min(EExpk )       (5.12)?
?
?????? ???????????????????????????
???????
?
! 
uExp =G
kExp j
*
(rj " SExp j ,#rj " #SExp j ,uExp j"1 )      (5.13) 
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4.6.2 ????????  
 
4.6.2.1 ????????????????????  
????  
 
? ??????1??????Yaw????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????
?(5.14)????????????????????????
 
! 
F = M˙ ˙ x + C˙ x ˙ x         (5.14) 
 
F ??? 
! 
˙ x ???? 
! 
˙ ˙ x ??????????M?C ???????????????
????????????????????(5.14)??????????M?C ??
Table 5-2??????????????????45.0 [deg]??????????
5.0 [N]???????????????????????????50?
??10[Hz]????????????????10x10????????????
mnSOM ???????
Fig. 5-19??Table 5-2??????????????????????????
???16?????????????????mnSOM?????500,000 ???
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
(???)????(???)??????????????????????????
?????Di (i = 0?15)???????????(1,4), (1,6), (2,7), (2,9), (2,1), (4, 4), 
(5,5), (6,7), (5,1), (7,1), (7,3), (8,5), (10, 1), (9,1), (10, 3) and (10, 4)?????????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
??????????????????????????M?C????????
??Fig.5-20?????
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? Fig5-20???????????????????????????????
???????????????????????????????????
???????????????M-C ???????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????
?
5.6.2.2 ?????????????????????  
????  
?  
? ??????????????????????????????????
?????????????Fig.5-17???????????????????
???????????????????????????????????
???????????PID???????????????????????
???????????1.0?????????[-1.0, 1.0]?0.1????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????MLP??
???????????????????????5.10???????????
???????????????????????5.10??????????P1, 
P2, P3?????P1 = 1.0, P2 = 8.0, P3 = 0.0?????????????????
???????????????????????????????????
????????????????????????? 
? ????????????????????0 ~ 25 [sec]????/4.0 [rad]?25 
~50 [sec]?????/4??????????0.0 [rad/sec]????10 [Hz]????
???????????????????????????????????
???????????????????????Fig.5-21?????????
?10x10?????????. ???????????????????????
????????Fig. 5-19???????????????????????[sec]
???????0 ~ 50 [sec]????????????????????????
???????????[-5.0, +5.0]???[-1.0, +1.0]????????????
???????????????????????????????????
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???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????-5.0 or +5.0[Nm]????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????? 
 
5.6.2.4 ???????????  
 
? Twin-Burge????????????Twin-Burger?Yaw??????????
5.14??????????????????????????????????
???M=67.9, C = 196????????[5-77]???????????????
???????M=29.3, C=1.99????????[5-78]???????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????Fig. 5-19????3??10??????
?????????????????????????3?10????????
????????????5.14??M,C???????????103?C?41.3?
??????mnSOM?????????????M,C???????????
???????????????????????????????????
???????????????????????????????????
?????????? 
? ???3?10?????????????????????????????
???????????Fig.5-22?????????????????????
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???????????????????????????????????
????????????Fig.5-21????????????????????
???????????????????????????????????
??????????????????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????-5.0 [Nm] or +5.0 [Nm]?????????
???????????????????????????????????
????????????????Fig. 5-12 ?06x05????????????
???????????????????????????????????
???????????????????????????????????
???????????0.0??????????????????[-5.0, +5.0] 
[Nm]?????????????????????????????????
?????????????????? 
? ??????????????????????????????????
???????????????????????????????????
?????????????????????????????????? 
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? ?
5.8 ???  
 
? ??????mnSOM?????????????????????????
?????.??????????????????????????????
???????mnSOM?????????????????????????
???????????????????????????????????
???????????????????.????????????????
?????????????????????????????????.??
???????????????????????????????????
???????????????????????????????????
????????.???????????????????????????
???????????????????????????.? ???????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????? 
?
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Fig.5-1 Classification of underwater robots [5-19??] 
?
?
?
?
?
?
?
?
?
?
?
?
Fig.5-2 ALVIN (http://www.whoi.edu/marops/vehicles/alvin/index_en8.html)
!
1.2? ?????????? 
!
??????????????????????????????????
???????????????????????????????????
??????????????????????"#$%&'()*?!
!
!
!
!
!
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!
"#$%&'(!)*+,-!
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"#$%&'E!)FG!
./001233444%4/5#%6783<H?3?#06I#06%75J?#06<#06#7KELMLN:;0#>?6,7KO(E(D!
!
!
!
!
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Fig.5-3 ABE 
 (http://www.whoi.edu/sbl/liteSite.do?litesiteid=4050&articleId=6343) 
 
 
 
Fig. 5-4 Odysssey II 
(http://auvlab.mit.edu/vehicles/vehiclespec2x.html) 
 
 
Fig.5-5 REMUS600  
(http://www.whoi.edu/sbl/image.do?id=22227&litesiteid=7212&articleId=11313) 
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Fig.5-6 Jason  
(http://www.whoi.edu/marops/vehicles/jason/index.html) 
 
 
Fig.5-7 HYSUB5000 
 (http://www.ise.bc.ca/hysub5000j.html) 
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Fig.5-8 HEMIRE  
(KORDI,2005 Annual Report ??) 
 
 
Fig.5-9 ?????6500  
(http://www.jamstec.go.jp/jamstec-j/gallery/yujin/6500.html) 
!
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Fig.5-10 ????(????)  
(http://www.jamstec.go.jp/jamstec-j/gallery/mujin/kaiko.html) 
 
 
Fig.5-11 R-One Robot  
(http://underwater.iis.u-tokyo.ac.jp/) 
!
!
!
!
"#$%&'&(!???? )*((!
+,--./00111%2345-67%$8%2.02345-67'20$3996:;0;<2#=0)*((%,-49>!
!
!
!
"#$%&'&&!???? ??? !
+,--./00111%2345-67%$8%2.02345-67'20$3996:;04<2#=0?3#?8%,-49>!
!
!
!
!
"#$%&'&(!)'*+,!)-.-/!
01//23445+6,789/,7%##:%5'/-;<-%9=%>24?!
!
!
"#$%&'&@!7(AB!
01//23445+6,789/,7%##:%5'/-;<-%9=%>24?!
!
!
 181 
 
Fig.5-12 r2D4  
(http://underwater.iis.u-tokyo.ac.jp/) 
 
 
Fig.5-13 AquaExplorer2000 
 (http://www.k-kcs.jp/japanese/aqua2000-j.html) 
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Fig.5-14 Tri-Dog 1  
(http://underwater.iis.u-tokyo.ac.jp/) 
 
 
Fig. 5-15 Aqua-Box III 
(http:// www.brain.kyutech.ac.jp/~ishii/index_jp.html) 
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Fig. 5-16 AUV “ Twin-Burger” 
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Fig. 5-16 Self-Organizing Decision Making System for AUVs[59] 
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Fig. 5-17 The Network Structure of a Forward Module and a Control Module 
! !! !
!"
#$
%#
&'
(
"&
)*
+
",
-#
"*
*)
#
?
?
?
" !
#"#
?
" $
$ #
" $
?
! %
#" $
! %
#" $%
& %
&
! #
"#
?
" $
?
! #
"#
?
" $
?
! #
" $
! #
" $
'
()
*)
+,
!-
.!/
-0
-)
$ #
" $
'
1
-2
)3-
4!5
3-
6+
! %
#" $
'
/
+.
+3
+2
6+
!(
)*
)+
,
57
8
1
)4
!
59
:!
;<
=>
!?
@+
!A
+)
7
-3
B!
()
3C
6)
C3
+!
-.
!*
!5
-3
7
*3
8!
D
-8
+4
!D
-8
C4
+!
*2
8!
*!
1
-2
)3-
44+
3!D
-8
C4
+!
80
 186 
 
Fig. 5-18 Learning Processes of an Adaptive Controller System using RNN-mnSOM 
(RNN: Recurrent Neural Network) 
!
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Fig. 5-19 A Forward Model Map Obtained from  
the Time Series of limit Cycle Simulation Data 
 188 
 
Fig. 5-20 Forward Model Map Evaluation in M-C Space calculated by the Means 
Square Method 
 189 
?  
 01 x 01    01 x 02     01 x 03 
 
 01 x 04   01 x 05    01 x 06 
 
 01 x 07   01 x 08    01 x 09 
 
 
 
 
 
 
    01 x 10 
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  02 x 01    02 x 02              02 x 03  
 
  02 x 04     02 x 05  02 x 06 
 
  02 x 07     02 x 08  02 x 09 
 
 
 
 
 
 
       02 x 10 
 191 
                        
  03 x 01    03 x 02    03 x 03 
 
  03 x 04    03 x 05    03 x 06 
 
  03 x 07    03 x 08    03 x 09 
 
 
 
 
 
 
      03 x 10 
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  04 x 01    04 x 02   04 x 03 
 
  04 x 04    04 x 05   04 x 06 
 
   04 x 07    04 x 08   04 x 09 
] 
 
 
 
 
 
      04 x 10 
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  05 x 01    05 x 02    05 x 03 
 
  05 x 04    05 x 05    05 x 06 
 
  05 x 07    05 x 08   05 x 09 
 
 
 
 
 
 
     05 x 010 
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  06 x 01    06 x 02    06 x 03 
 
  06 x 04    06 x 05    06 x 06 
 
  06 x 07    06 x 08    06 x 09 
 
 
 
 
 
 
     06 x 10 
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  07 x 01    07 x 02    07 x 03 
 
  07 x 04    07 x 05    07 x 06 
 
  07 x 07    07 x 08    07 x 09 
 
 
 
 
 
 
       07 x 10 
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  08 x 01    08 x 02    08 x 03 
 
  08 x 04    08 x 05    08 x 06 
 
  08 x 07    08 x 08    08 x 09 
 
 
 
 
 
 
     08 x 10 
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  09 x 01    09 x 02    09 x 03 
 
   09 x 04   09 x 05    09 x 06 
 
  09 x 07   09 x 08    09 x 09 
 
 
 
 
 
 
     09 x 10 
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  10 x 01     10 x 02   10 x 03 
 
  10 x 04     10 x 05       10 x 6 
 
  10 x 07     10 x 08   10 x 09 
  
 
 
 
 
 
     10 x10         Figs. 5-21 Controller map 
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Fig. 5-22 Control Experiment of mnSOM using “Twin-Burger” 
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Table 5-1 Specifications of Twin-Burger 
 
 
Table 5-2 Coefficient M and C for Limit Cycle Motion 
 
 
 
 
 
 
 
M / C 10 30 50 100 
10 D0 D1 D2 D3 
30 D4 D5 D6 D7 
50 D8 D9 D10 D11 
100 D12 D13 D14 D15 
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6.1 ???????  
 
? ??????????????????????????????????
???????????????????????????????????
?????????. ?????????????????????????
???????????????????????????????????
?????????????????????????????????
??????????????????????????????????
?????????????????????????????????
???????????????????????????????????
??????????????????????. ?????????????
???????????????????????????????????
???????????????????????????????????
?????????????? 
? ??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????. 
 
? ???????????????????????????????Musashi”
??????????????????Concept of Intelligent Mechanical Design 
for Autonomous Mobile Robot????????????.???????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????. ???????????????????????????
???????????????????????????????????.
??????????. 
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(a) Omni-directional Concept 
(b) Modularity Concept 
(c) Safety Concept 
 
 (a)?????????????????????????????.?????
????????????????????????????????????
?????????????????.???????????????11??
????????????????????.(b)??????????????
???????????????????????????????????
???????????.???(c)????????????????????
???????????????????????????????????
???????????????????.????????????????
??????????.???????????????????????? ISO
????????????????????.????????????????
????????????????????????????????. 
 
? ??????????????????????????????????
???????????????????????????????????
?????????? 
? ???????????????????????????.???????
??????????????????????.?????????????
??????????????????????????????????.?
???????????????????????.????????????
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